Helicobacter pylori infects nearly 50% of the world's population. This microorganism is accepted as the most important agent of gastritis and as a risk factor for peptic ulcer disease and gastric adenocarcinoma.
INTRODUCTION
Helicobacter pylori is a Gram-negative, spiral and microaerophilic bacterium that is present in the human stomach of approximately 50% of the world´s population (1, 8) . This microorganism plays a significant role in the pathogenesis of chronic gastritis, peptic ulcer disease and gastric adenocarcinoma (1) .
This association between H. pylori and gastroduodenal diseases demonstrates the need to diagnose the presence of bacteria in dyspeptic patients. Traditionally, diagnostic methods for detecting H. pylori may be classified as invasive, which require endoscopy to obtain biopsies of gastric tissues, and non-invasive. The invasive methods include histology, culture, urease test and molecular methods, while the noninvasive methods include urea breath testing, serology, stool *Corresponding Author. Mailing address: Laboratório de Biologia Molecular, Universidade Federal do Rio Grande, Rua General Osório S/N, CEP: 96200-400, Rio Grande, Rio Grande do Sul, Brazil.; Tel.: + 55 53 32330314 Fax.: + 55 53 32338863.; E-mail: ivynha_@hotmail.com Detection of H. pylori in gastric biopsy antigen testing and molecular methods (12) .
Although there are several available diagnostic methods for detecting infection with H. pylori, there is no single technique that can meet, on its own, the criteria for acceptable sensitivity and specificity in identification of the bacterium.
Therefore, diagnostic methods are recommended in a combination of two or more to meet diagnostic criteria (14, 19, 25) .
Histology is considered the standard method for the diagnosis of H. pylori infection, providing additional and essential information on the status of the mucosa such as the presence of acute or chronic inflammation, lymphoid aggregates, intestinal metaplasia and glandular atrophy. The reliability of this method depends essentially on the number and localization of specimens collected (12) .
Culture permits testing of the sensitivity of H. pylori to antimicrobial agents used for its eradication and detection of factors and mechanisms related to pathogenicity of the bacterium (14, 20) .
The urease test is simple and provides quick results (11); however, this method is affected by the use of antimicrobial agents, proton pump inhibitors (PPIs) and bismuth-containing compounds, which inhibit urease activity (7) . Furthermore, the presence of other microorganisms that produce urease can lead to false-positive results (19) .
Finally, molecular methods are widely used for the diagnosis of H. pylori infection as well as for analyses of diversity, virulence and resistance patterns of these bacteria (4).
However, the high degree of genomic plasticity between strains of H. pylori complicates the choice of target genes. Even nucleotide sequences that are highly conserved in different strains of the pathogen, such as urease A (ureA), urease C (ureC) and 16S rRNA, may fail to detect the bacteria (19, 23) .
Each of the methods above has advantages and disadvantages, and none can be considered as a single gold standard. A combination of endoscopic biopsy-based methods usually gives the most reliable diagnosis (9) . Thus, this study aimed to evaluate diagnostic methods, including an in-house urease test, culture and Polymerase Chain Reaction (PCR). The results were compared to the gold standard (histology and rapid urease test) for H. pylori detection. This combination employed as a gold standard is the most frequently used in studies (10, 16, 19) . Through endoscopy, 11 biopsy specimens were obtained from each patient. Of these, five were destined for histology (two from the gastric antrum, two from the gastric body and one from the angular incisure). The other six biopsy specimens were intended for the rapid urease test (one specimen from the angular incisure), the in-house urease test (one specimen from the angular incisure), culture (two specimens from the gastric antrum) and PCR (two specimens from the gastric antrum) (6, 13, 15, 26) .
MATERIALS AND METHODS

Patients and Samples
Histology
The biopsy specimens from each patient that were destined for histological examination, were fixed in formalin and stained with Hematoxylin-Eosin (H&E) and Giemsa. The classification of gastritis was established in accordance with Detection of H. pylori in gastric biopsy the Sydney System (21).
Culture
After collection, biopsy specimens intended for culture and obtained from the gastric antrum were kept in 1 mL Brain Heart Infusion (BHI; Acumedia and 10% CO 2 ), using an atmospheric generator (Microaerobac; Probac, BR), for a period of 4 to 10 days. Bacterial growth was monitored every 48 hours (7, 19) .
When growth in the culture medium was observed, microscopy was performed. When straight or curved Gramnegative bacilli were observed, the following tests for identification of H. pylori were performed: catalase, oxidase, and urease. Identification was also carried out by PCR amplification of a ureA fragment (7, 15) .
Rapid Urease Test
From each patient, a biopsy specimen from the angular incisure was incubated immediately after collection in PreMade Broth (TUPF; Laborclin, BR) for the urease test. This test detects the presence of H. pylori urease. The test was considered positive when the color of the solution changed from yellow/orange to pink/purple within 2 hours of incubation at 25 °C.
In-House Urease Test
From each patient, a biopsy specimen from the angular 
RESULTS
Determination of infection with H. pylori
Of Considering the combination of histology and rapid urease test as a gold standard, the in-house urease test and PCR were the most sensitive methods (100%), followed by culture (85.4%). The in-house urease test and culture were the most specific (100%), followed by PCR (75%).
The PPV, NPV and diagnostic accuracy of each method are noted in Table 1 . Se.: sensitivity; Sp.: specificity; PPV: positive predictive value; NPV: negative predictive value; 95% CI: 95% confidence intervals.
DISCUSSION
Currently many diagnostic methods exist for detecting H.
pylori infection. Each method has its own merits and drawbacks in terms of indication, sensitivity, specificity and cost (18) . Thus, it is recommended that a combination of at least two methods based on different principles be used to detect colonization by H. pylori (15) . In this study, the results of the in-house urease test, culture and PCR were compared to the gold standard (histology and rapid urease test) for bacterium detection.
The gold standard used in this study is frequently used by Detection of H. pylori in gastric biopsy authors because the rapid urease test allows rapid detection of H. pylori, and histology enables identification of bacteria and evaluation of the type and intensity of inflammation of the gastric mucosa (10, 16, 24) . However, it is known that in the rapid urease test, false-negative results may occur because of irregular distribution of bacteria in the gastric mucosa or the use of antimicrobials or PPIs. On the other hand, the contamination of biopsy with saliva can cause false-positive results because bacteria from the oral flora can produce urease (7, 8, 19) . It was previously shown histologically that the presence of structures similar to H. pylori could cause falsepositive results (19) . Thus, the gold standard chosen may have not been the most appropriate even though it is the most commonly used by authors.
In this work, the choice of collection site of the biopsies in the stomach for histology, rapid urease test, in-house urease test, PCR and culture was based on previous studies (6, 13, 15, 26) . However, the irregular distribution of the H. pylori in the gastric mucosa could influence on the results obtained.
The in-house urease test reached 100% sensitivity and specificity in the diagnosis of gastric infection by H. pylori.
This method has been widely used because it is inexpensive and easy to perform (19) ; however, does not provide information on the intensity of inflammation (7).
The urease enzyme, produced by H. pylori, seems to be necessary for the survival of this microorganism in the acidic gastric environment, suggesting a strong selective pressure to maintain the amino acid sequence of this enzyme, resulting in the observed conservations of the DNA sequence among strains (5). The ureA is a species-specific gene present in all samples of H. pylori (3).
In this study, PCR was performed by ureA detection. This method presented sensitivity of 100% and specificity of 75%.
A result similar to this was reported by Smith et al. (24) . In However, the main advantage of culture is that, in addition to detecting H. pylori, it allows the testing of antibiotic sensitivity, which can be very useful in some patients who are not responding to treatment (2).
In conclusion, this study showed that, in comparison with the combination of histology and rapid urease test, the in-house urease test and the PCR presented 100% of sensitivity in the diagnosis of gastric infection by H. pylori, while the in-house urease test and the culture reached 100% of specificity. These finding suggest that the combination of two or more methods may improve the accuracy of the H. pylori detection.
